Study Objectives: Insomnia, though quite common in the general population, is especially prevalent among individuals with co-occurring mental illnesses, patients whose condition can be further exacerbated by insomnia and vice versa. For individuals taking one or more psychotropic medications, cognitive behavioral therapy for insomnia (CBT-I), the gold standard in insomnia treatment, is a particularly favorable option (vis-à-vis pharmacotherapy). However, CBT-I can be inaccessible for persons with low socioeconomic status, a group that includes many with psychiatric diagnoses. Computer-based delivery of CBT-I (cb-CBT-I) has the potential to be a cost-effective tool that could greatly improve accessibility for this at-risk demographic. Methods: Thirty-four participants with insomnia who were currently engaged in mental health care treatment were randomized to an active control group (sleep diary group; n = 16) or cb-CBT-I (n = 18) during weekly outpatient sessions over the course of 6 w. All participants completed sleep and activity logs at each appointment, whereas those in the cb-CBT-I group also completed one session of the cb-CBT-I program each week. Results: cb-CBT-I treatment was associated with lower scores (improved sleep) on the Pittsburgh Sleep Quality Index (PSQI). Post hoc tests demonstrated a between groups difference at week 6 (p = 0.02), with a statistically significant decrease in PSQI scores in the cb-CBT-I group (p = 0.0006) but not in the sleep diary group (p = 0.35). Conclusions: cb-CBT-I improves sleep in individuals with insomnia and co-occurring mental illness. The significant improvements on the PSQI suggest that implementing a cb-CBT-I treatment in a community mental health center would be a simple and effective treatment for improving sleep over a short period of time. Commentary: A commentary on this article appears in this issue on page 161. Keywords: behavioral health integration, CBT, CBT-I, collaborative care, insomnia, technology-assisted care delivery Citation: Feuerstein S, Hodges SE, Keenaghan B, Bessette A, Foreselius E, Morgan PT. Computerized cognitive behavioral therapy for insomnia in a community health setting.
I NTRO DUCTI O N
Insomnia is one of the most common complaints in primary care and psychiatric settings. 1 Although precise diagnostic criteria vary slightly between sources, insomnia is characterized by a deficiency in the amount or quality of sleep that negatively affects waking activities for more than 1 mo. 2, 3 Symptoms of insomnia occur commonly, with up to 50% of the adult population reporting some difficulty sleeping in the past 4 w. 4 The prevalence of clinically diagnosed insomnia is also high, with estimates of insomnia syndromes at approximately 10% of the general adult population 5 and as high as 35% to 45% in adults older than 65 y. 6 The highest rates of insomnia, however, are in persons with co-occurring mental illness, with prevalence estimates ranging from 60% to 90% in some populations. 7, 8 The consequences of insomnia are manifold, starting with subjective symptoms such as body pain, emotional distress, poor concentration, and social difficulties, 9, 10 and leading to longterm financial and health problems, including increased work absenteeism [11] [12] [13] and increased risk for or worsening of comorbidities such as diabetes, 14 depression, 15 and suicide. 16 Although typical treatment for insomnia involves the use of medication, pharmacotherapy presents risks of side effects and dependency, while offering unclear long-term benefit. is particularly true among persons with chronic mental illness, a population that is often prescribed myriad psychotropic medications to promote sleep. 24 Furthermore, the effectiveness of psychotropic medications in general may be limited in persons with lower socioeconomic status. 25 Hence, persons with chronic mental illness, who are often treated with multiple psychotropic medications and are more likely to have lower socioeconomic status, may stand to suffer the most risk while benefitting the least from psychotropic treatment of insomnia.
In contrast to pharmacotherapeutic approaches to treating insomnia, cognitive behavioral therapy for insomnia (CBT-I) may provide substantial benefit with minimal risk. CBT-I is a treatment approach focused on influencing thoughts and behaviors regarding sleep 22, 26, 27 that has been found to be effective for clinically diagnosed insomnia and is the gold standard therapy recommended by the American College of Physicians 28 as well as the American Academy of Sleep Medicine. 23 Furthermore, CBT-I is preferred over medication by individuals with insomnia, 29 appears to have more long-lasting benefit than medication, 30 has been shown to be effective in persons with some comorbid illnesses 31 including mental health conditions, 32 and can be combined with pharmacotherapy to promote better outcomes. 22, 26 Despite this, CBT-I is often unavailable for many sufferers of insomnia who could derive considerable benefit from it, 27 and is largely unavailable to financially disadvantaged persons suffering from chronic mental illness.
A potential solution to this problem is the relatively recent development of computer software-based delivery of cognitive behavioral therapy. In particular, CBT-I delivered through the Internet has been shown to be effective in treating insomnia in several studies. 33, 34 Because such an intervention could potentially provide CBT-I to persons who do not have access to a trained therapist, it is important to determine whether computer-based delivery of CBT-I (cb-CBT-I) could be delivered to patient groups who might not otherwise have access to inperson CBT-I, and whether cb-CBT-I is effective in these populations. However, because many patients with chronic mental illness do not have access to the Internet at home or via a personal device with Internet access, effectively implementing this treatment in this particular population would require a different mode of delivery than that used in previous studies. To explore whether cb-CBT-I could be delivered effectively to this population, we conducted a study providing computer-based CBT-I through weekly appointments at a community mental health center for persons with chronic mental illness and insomnia. We hypothesized that this population could engage in this form of treatment and would benefit from it. Confirmation of our hypothesis would provide preliminary evidence for the utility of this method of improving access to CBT-I, and lay the groundwork for expanding this treatment modality more broadly to patients who may benefit the most from it.
M ETHO DS

Participants
Potential participants were recruited by flyers, online advertisement, and through referral from their mental health care providers. Potential participants were currently engaged in mental health care treatment and self-identified as having difficulty sleeping. Potential participants were screened by research staff and were enrolled if they had an Insomnia Severity Index score of 10 or higher (including subthreshold, moderate, and severe insomnia), 35 were willing and able to make weekly appointments during normal business hours, were English speaking, did not perform less than 2 standard deviations below national means on the Shipley Institute of Living Scale, 36 did not have a change in prescription medication in the past month, and did not meet current criteria for substance use disorders within the past 3 mo. Thirty-four participants provided written informed consent and were enrolled in this Yale Investigational Review Board-approved study (Figure 1 ).
Interventions
Participants were randomized into two groups: the sleep diary group (n = 16) and the computer-based, cognitive behavioral therapy for insomnia group (cb-CBT-I; n = 18). All participants continued to see their regular mental health care providers during the study, and also met weekly with a research associate for six regularly scheduled appointments during normal business hours. At these meetings, participants handed in sleep diaries they were asked to keep and received blank diaries for the next week. In addition, participants in the cb-CBT-I group completed one session using the RESTORE (cb-CBT-I) 33 program at each visit. Participants in both groups were given $10 at each visit as reimbursement for their travel and time spent in research participation.
The RESTORE program consists of six sessions of CBT-I. These sessions include instructional video components as well as interactive elements, and are described in more detail in the supplemental materials. RESTORE is available on Health Insurance Portability and Accountability Act-compliant platforms with a clinician dashboard for patient management and clinical data acquisition and analysis. RESTORE has been shown to be an effective treatment for insomnia in patient populations with mixed comorbidities. 33 Fifteen participants in the cb-CBT-I group (83%) and 13 participants in the sleep diary group (81%) completed all sessions and provided useable outcomes data.
To deliver the RESTORE treatment program, a largescreen computer workstation was set up with high-quality headphones and reliable Internet access in a private office space at the community mental health center. A user account for clients was created on the workstation to allow access to the RESTORE website only, using standard operating system and Internet browser functions to limit other access. At each scheduled visit, participants presented themselves to the office of a research associate. Those who received cb-CBT-I were subsequently brought to the space with the workstation. Participants who received cb-CBT-I were instructed in how to access their personal accounts on the cb-CBT-I website. At each visit, the research associate confirmed that the participant was able to access the website and begin the session before leaving for a nearby space where the associate remained accessible. At the end of the study, participants in the cb-CBT-I group rated how understandable they found the S Feuerstein, SE Hodges, B Keenaghan, et al. cb-CBT-I in Community Primary Care cb-CBT-I to be, how much of the information they applied, and how useful they thought the information was on a visual analog scale of 0 to 100 points.
At the beginning of the first weekly visit, and again at the sixth visit, all participants completed the Pittsburgh Sleep Quality Index (PSQI). The PSQI is a questionnaire that rates sleep on seven subscores using qualitative and quantitative measures: overall quality of sleep, initial falling asleep, total amount of sleep, sleep efficiency, sleep disturbances, use of sleep medication, and effect on waking life. These scores are added to generate an overall score. Participants also repeated the Insomnia Severity Index (ISI, completed initially at screening) during the sixth session.
Analysis
Possible between group differences in age, sex, number of years of education, estimated Intelligence Quotient, ISI (at screening), use of medications, and diagnoses were assessed with unpaired t-tests or Fisher exact test as appropriate. PSQI (primary outcome) and ISI (secondary outcome) were assessed by two-factor analysis of variance with repeated measures on one factor, with group (cb-CBT-I versus sleep diary) as the between-subject factor and time (screening/week 1 versus week 6) as the repeated-measures factor, using data from all completers. Post hoc comparisons were completed as appropriate. In addition, in exploratory, post hoc analysis, each PSQI subscore was compared between week 1 and week 6 using paired t-tests, and frequency of participants who achieved 'subthreshold' insomnia on the ISI (less than 15) 35 at week 6 were compared with the Fisher exact test. Sleep diary entries including time spent napping during the day, time into bed, latency to sleep, number of awakenings, time out of bed, and sleep quality (on a 0 = very good to 4 = very poor Likert-type scale) were averaged from entries during week 1, and similarly with week 6 data. Day-to-day variability in time to bed and time out of bed was also determined for each participant at week 1 and week 6. Changes in sleep diary measures from week 1 to week 6 were assessed with paired t-tests. Alpha was set at 0.05 for all tests and all tests were two-tailed.
R ESU LT S
Living situation and work status for all participants are shown in Figure 2 . The majority of participants did not reside in their own home, but rather resided with friends or family, in a single room occupancy facility, in a shelter, in an inpatient unit or with a community agency. Relatively few participants were formally employed; a large proportion was on disability, whereas a similar number was seeking work. A high school education was the most common education level achieved (29%), with somewhat fewer participants reporting completion of 2 y (24%) or 4 y (24%) of college.
Participants in the cb-CBT-I group were well matched to those in the sleep diary group with regard to age, sex, estimated Intelligence Quotient, education level, use of medication, and known diagnoses ( Table 1) . Diagnoses were taken from participants' clinical treatment records. There were no statistically significant differences between groups in these measures. Visual analog scale ratings of the understandability of the intervention, whether participants applied what they learned, and how useful the intervention was found to be are shown in Figure 3 .
There was no main between-group effect for PSQI (F 1,26 = 0.6, p = 0.44), but there was a significant within-subjects effect of time (F 1,26 = 18.8, p = 0.0002), as well as a significant group by Fifty-three percent of participants in the cb-CBT-I group and none of the participants in the sleep diary group had improvements in their PSQI score of three points or more (i.e. treatment response; Fisher exact test, p = 0.0025), and two and zero participants, respectively, had final PSQI scores of less than five points (good sleep quality). Among the PSQI subscores, overall sleep quality, initial falling asleep, total amount of sleep, and the use of sleep medication all showed statistically significant improvement in the cb-CBT-I group (Figure 5) . None of the seven subscores showed improvement in the treatment as usual group. Among sleep diary measures, there were no changes in the sleep diary group. However, in the cb-CBT-I group the number of nocturnal awakenings (per night) decreased by 24% (2.0 ± 1.1 to 1.5 ± 0.9; p = 0.01), sleep quality improved by 22% (2.3 ± 0.5 to 1.8 ± 0.8; p = 0.04), and time spent napping decreased by 69% (19 ± 20 to 6 ± 8 min; p = 0.03). Additionally, only in the cb-CBT-I group there was a trend decrease in the day-today variability in the time at which participants got out of bed in the morning (the mean of the standard deviations for each Figure 3 -Participants who received computer-based cognitive behavioral therapy for insomnia rated how understandable the videos were, how much of the information in the videos they applied, and how much of the information was found to be useful. individual's out of bed times decreased by 36% from week 1 to week 6 (from 1 h, 33 min to 1 h, 1 min; p = 0.06). The day-today variability in bedtime decreased similarly (by 38%) in the cb-CBT-I group but that decrease was not statistically significant (p = 0.13).
There was no between-group effect for ISI (F 1,26 = 2.29, p = 0.14), but there was a significant within-subjects effect of time (F 1,26 = 33.4, p < 0.0001) and a significant group by time interaction (F 1,26 = 15.3, p = 0.0006). Mean ISI decreased from 22 ± 4 to 13 ± 6 in the cb-CBT-I group (p < 0.0001; Cohen d = 1.8) but was unchanged from 21 ± 4 to 19 ± 6 in the sleep diary group (p = 0.1; Cohen d = 0.28). Also, week 6 scores were significantly lower in the cb-CBT-I group compared to the sleep diary group (p = 0.009; Cohen d = 1.1). Sixty percent of participants in the cb-CBT-I group and 23% of participants in the sleep diary group had ISI scores of 14 or less at week 6 (Fisher exact test for between group difference, p ≈ 0.05). In addition, 53% of participants in the cb-CBT-I group and none of the participants in the sleep diary group had improvements in their ISI score of eight points or more (treatment response; Fisher exact test, p = 0.0025), and one and zero participants, respectively, had final ISI scores of less than 8 (no insomnia).
DISCUSSI ON
The current study aimed to explore the following questions related to technology-enabled CBT-I: Is the use of cb-CBT-I that is accessible in a community mental health center effective and feasible? Will individuals understand and employ knowledge supplied by software-based CBT-I provided in a community mental health center? Will the clinical effect of the system be meaningful? Answering these questions with regard to CBT-I is particularly important given the exceedingly high rate of insomnia in persons with chronic mental illnesses and the extremely limited access to trained therapists who can deliver in-person CBT-I in this population.
Although this study was run in parallel with normal clinical care, it was conducted in a community mental health center using a standard clinical workflow model, with participants referred by their primary mental health clinicians or responding to flyers placed in the building. Setting up the office space with the computer, Internet access, and headphones required only a basic, working knowledge of these technologies, and the Internet access available in the center was fully adequate to deliver the cb-CBT-I without problems. The research staff who met with participants and facilitated the delivery of care were bachelor's degree level staff without professional credentials. Although a private office space was used with only one participant at a time, access to high-quality headphones could allow multiple workstations in the same room, perhaps separated by partitions, and more than one person receiving treatment concurrently. Overall, the implementation of this type of therapy in this setting was simple, with a small space requirement, minimal investment in hardware, and minimal training required for staff already experienced with interacting with consumers in a clinical setting. It is worth noting that all participants in the study were regular attendees at the community mental health center where this study was run, so did not likely face substantial barriers with regard to motivation or ability to come regularly to the center. Implementation of this treatment at a community mental health center to a broader audience (persons who are not already clients at the health center) would face additional challenges not addressed in this work.
In addition to being easily implemented in the clinic setting, the technology-aided therapy appeared to be well received by the participants, with generally positive responses to the computer-based therapy (in terms of understandability and applicability) and an excellent completion rate (although the small reimbursement offered for participation likely influenced this). Although previous studies included those suffering from comorbidities such as PTSD, major depressive disorder, anxiety disorders, and substance use disorders, 33 there has not been an analysis of whether those in lower socioeconomic cohorts such as those seen in a community health clinic setting would benefit. In the current study, less than half of participants lived independently, and a not insignificant portion of the cohort was living in homeless shelters, single room occupancy settings, or in a setting run by a community agency. Consistent with the circumstances of their living arrangements, only a small number of participants were employed full-or part-time. The population studied held relatively few advanced degrees (3% in current sample, compared to 12% in the United States in general), despite high school and college education rates being comparable to the national average. This difference may be related to the onset of many mental illnesses in early adulthood. 37 Despite the sociodemographic challenges and chronic mental illness in this cohort, the cb-CBT-I had a strikingly beneficial effect on sleep compared to active control as reflected in a well-validated and broad measure of sleep quality (PSQI), 38 a simpler and subjective self-report measure (ISI), 39 and sleep diary data. The decreases in PSQI and ISI with treatment were both statistically significant and clinically meaningful, with the mean ISI score decreasing from "severe" clinical insomnia (i.e. a score of 22+) to "subthreshold" insomnia (i.e. a score of 8-14, per ISI interpretation guidelines 39 ). In addition to a large decrease in the global PSQI score (36%), participants noted significant improvements in overall quality of sleep, time to fall asleep, and sleep quantity. Sleep diary data further suggest that tighter regulation of the sleep-wake schedule, decreased napping, and fewer awakenings may contribute to improved sleep quality from cb-CBT-I treatment. The decrease in the use of medications to promote sleep (from the PSQI) from on average "once or twice a week" to "less than once a week is particularly noteworthy as it could lead to a decreased risk of medication-related adverse events (and more general complications from polypharmacy), and may therefore reduce health care costs both directly and indirectly.
Although encouraging, these results should be considered in the context of several limitations, including the relatively small size of the sample, the possibility of placebo effects related to participating in the cb-CBT-I, the lack of purely objective measures of sleep such as polysomnographic sleep recording, and the short duration of the study and lack of long-term follow-up data. Although the sample size was modest for a clinical study, these results represent only preliminary data supporting this finding. Nevertheless, the groups were well balanced and the statistical findings were strong and consistent across two measures of sleep quality. The small sample size also precluded a meaningful analysis of whether there was any relationship between participants' ability to understand and apply the information in the cb-CBT-I and their response to it. However, even if such a relationship were to be found, it would not confirm the absence of a placebo effect from the computer-based therapy, as the apparent ability to understand the material and a belief that the material was applied may be erroneously reported by those who believe they have benefited from participating in the treatment (whether they had or not). Similarly, although traditionally delivered CBT-I has been shown to be effective and to have positive effects on the polysomnographic measurement of sleep, 40 the possibility remains that effects of demand characteristics on the self-reported measures used in this study positively influenced outcomes.
A particular challenge with designing a study like this one is appropriately handling the control group. In this study, the only difference between the two groups was that the cb-CBT-I group watched an online cb-CBT-I module during the weekly appointments whereas the sleep diary group did not. Although this design attempted to minimize the differences in the experience of participants in each group outside of the cb-CBT-I itself, participants in the active treatment group spent somewhat longer at the appointments than those in the sleep diary group because of the time spent watching the modules. However, there was little difference in the amount of time spent interacting with staff. Because both groups were already engaged in regular mental health treatment, the frequency or quality of which was not changed by participation in this study, the addition of a more 'active' control intervention was deemed unnecessary.
Because participants in this study were not clients of a sleep clinic, but rather, clients of a mental health clinic, they had not been assessed by a sleep specialist as part of the study. Prior to inclusion in the study, potential participants were assessed by research staff experienced in sleep disorders. Although clients participated in a survey assessing sleep health, they were not evaluated by a sleep specialist. If an individual was found to have a sleep disorder via interview or prior diagnosis in the medical record, they were excluded from the study. Our subject population as a whole consisted of individuals with relatively low access to care, which does leave open the possibility of undiagnosed sleep disorders.
Despite these limitations, this study suggests that implementing this type of treatment in a community mental health center would be relatively simple, largely well received by its consumers, and possibly very effective in improving sleep over a short period of time. These findings are increasingly relevant as interest in engaging health care consumers with technology, as reflected in the literature and the popular media, points to the hope that the assistance of technology will make delivery of effective health care more efficient and consistent. Future studies should address potential long-term benefits of these interventions by collecting data about other outcome measures including mental health symptoms and quality of life, and should also include purely objective measures such as polysomnography. In addition, the acceptance of this intervention more generally in this population should be gauged, as the current study did not attempt to "prescribe" this intervention broadly but sought volunteers who were aware of the intervention. Also, vitally important is the assessment of possible predictors of success (attitude toward behavioral interventions, attitude toward computer-based therapies, current cognitive and mental health status, current engagement in treatment, current level of treatment, history of prior treatment, etc.), 34 as well as more comprehensive studies of the possible benefits of this intervention on use of medication as well as comorbid psychiatric and physical health symptoms. To do so, a longer (and larger) study designed to assess changes in prescribing, as well as broader assessments of clinical status and symptomatology, would be beneficial.
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